Conformational dynamics of DnaB helicase upon DNA and nucleotide binding: analysis by intrinsic tryptophan fluorescence quenching.
DnaB helicase of E. coli unwinds duplex DNA in the replication fork using the energy of ATP hydrolysis. We have analyzed structural and conformational changes in the DnaB protein in various nucleotides and DNA bound intermediate states by fluorescence quenching analysis of intrinsic fluorescence of native tryptophan (Trp) residues in DnaB. Fluorescence quenching analysis indicated that Trp48 in domain alpha is in a hydrophobic environment and resistant to fluorescence quenchers such as potassium iodide (KI). In domain beta, Trp294 was found to be in a partially hydrophobic environment, whereas Trp456 in domain gamma appeared to be in the least hydrophobic environment. Binding of oligonucleotides to DnaB helicase resulted in a significant attenuation of the fluorescence quenching profile, indicating a change in conformation. ATPgammaS or ATP binding appeared to lead to a conformation in which Trp residues had a higher degree of solvent exposure and fluorescence quenching. However, the most dramatic increase of Trp fluorescence quenching was observed with ADP binding with a possible conformational relaxation. Site-specific Trp --> Cys mutants of DnaB helicase demonstrated that conformational change upon ADP binding could be attributed exclusively to a conformational transition in the alpha domain leading to an increase in the solvent exposure of Trp48. However, formation of DnaB.ATPgammaS.DNA ternary complex led to a conformation with a fluorescence quenching profile similar to that observed with DnaB alone. The DnaB.ADP.DNA ternary complex produced a quenching curve similar to that of DnaB.ADP complex pointing to a change in conformation due to ATP hydrolysis. There are at least four identifiable structural/conformational states of DnaB helicase that are likely important in the helicase activity. The noncatalytic alpha domain in the N-terminus appeared to undergo the most significant conformational changes during nucleotide binding and hydrolysis. This is the first reported elucidation of the putative role of domain alpha, which is essential for DNA helicase action. We have correlated these results with partial structural models of alpha, beta, and gamma domains